Relationship Between Certain Physico-Chemical Changes in the Cornified Layer and the Endogenous Bacterial Flora of the Skin  by Arnold, Lloyd
RELATIONSHIP BETWEEN CERTAIN PHYSICO-CHEMICAL
CHANGES IN THE CORNIFIED LAYER AND THE
ENDOGENOTJS BACTERIAL FLORA OF THE SKIN
LLOYD ARNOLD, M.D.
Department of Bacteriology and Public Health, Univer8ity of Illinois College of Medicine,
Chicago, Ilhnos8
(Revised version received for publication March 30, 1942)
Leonard Colebrook (1029, 1930) first observed the rapid disappearance of
exogenous or foreign bacteria from the surface of normal skin. In evaluating
his results, he presents three hypotheses: 1) desiccation, and 2) lysozyme, both
of which he discounts, and 3) concentration of salts by excretion which he con-
sidered the most plausible explanation, though not proven.
Arnold and associates (1—1930) (2—1930) reported on the self-disinfecting
power of the skin. The literature shows that different factors have an influence
on the disappearance of bacteria from the skin. Montgomery (1931) called
attention to the influence of broth media; Karns (1931) to the concentration of
the bacterial suspension; Fisher (1931) to the menstrual cycle; Bryan and Mail-
man (1933) to desiccation. The later claimed also that living skin has an in-
herent ability to destroy bacteria implanted upon its surface. Contrary to this
and to the Colebrook observations, Norton and Novy (1931) concluded that
living skin has no inherent germicidal power.
Hill and White (1933), after pressing the fingers of a clean hand on the surface
of an agar plate which had been seeded while still fluid, found inhibition of
bacterial growth under the fingerprints in 3.7% of 1444 tests.
Burtenshaw (1938) called attention to variations in different skin areas upon
the rate of disappearance of bacteria. Areas drying at the same rate did not
show similar disinfecting power. This worker thinks "that some areas of the
skin exert a disinfectant action by virtue of their secretion of sweat." This was
the hypothesis suggested by Colebrook. Usher (1928) showed conclusively that
sweat is a good culture medium. We have substantiated Usher's observations
in this laboratory.
Marchionini and Schmidt (1939) called attention to the relationship between
the scanty bacterial flora on intact normal or excessively keratinized skin and
the high bacterial flora on ulcerated areas and otherwise broken skin. These
authors point out that the pathological areas with a rich bacterial flora are more
alkaline than normal skin. They also comment on the acid nature of most
salves and powders used in dermatology.
Marchionini (1938, 1, 2) shows the skin surface to be acid if the sweat from
eccrine glands is allowed to evaporate, but if this is prevented, the ammonia
products developing cause a more alkaline reaction, such as the skin of the feet,
soles and interdigital spaces. The axilla is alkaline due to lack of free evapora-
tion and also due to the apocrine glands secreting a sweat containing more
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alkali and proteins. B. prodigiosus placed on the skin surface disappeared more
rapidly from acid areas than alkaline areas. These authors also reported a
higher endogenous flora on the alkaline reacting skin areas as compared to the
acid areas.
Lichtenstein (1918) recommended sweating of the hands prior to scrubbing
before surgery after finding an increased staphylococcic flora of hands surgi-
cally cleansed and then sweated by means of exposure to hot air. He considered
this rise in number of staphylococci to be due to the emptying of the sweat ducts
and their opening pores of bacteria residing in these areas.
Price (1938) suggested the formation of a transparent film over the skin sur-
face when certain disinfectants such as mercury bichloride solution and mer-
curochrome aqueous solutions were applied. Price theorized that this film
imprisoned bacteria under it. He based this idea upon the observation that
the exposure of the skin to ten per cent ammonium sulfide caused a reappearance
of the bacteria following the use of these disinfectants.
Pillsbury and Shaffer (1939) used small glass cups (1 cm. in diameter and
0.7 cm. in depth) containing distilled water, acids and alkalies, applying them
to the skin for intervals from 30 minutes to 24 hours to determine the pH changes
of the skin and solutions. Colorimetrically, these investigators found the aver-
age pH of the normal skin of the flexor surface of the forearm to be 5.1; extensor
surface 5.3; flexor surface of the index finger 5.4; the groin 5.7; the axilla 5.8,
and the interdigital space of the foot 6.5. The intact skin was able to withstand
solutions varying from pH —2 (3 N hydrochloric acid) to pH 12.6. There was
little tendency of the normal skin to show a rise in pH after acid solutions were
applied. There was a definite and regular fall in pH after alkaline solutions
were used.
Burckhardt (1936) applied small pieces of filter paper moistened with a weak
solution of sodium hydroxide and colored with phenolphthalein to the skin sur-
face. The time required for decolorization of the phenolphthalein indicated the
relative alkali resistance of the skin. Burckhardt considered this function of
neutralizing alkalies to reside in the cells in the epidermis. The thickness of the
cornified layer did not influence the reaction nor did sweat. Burckhardt con-
sidered the variable carbon dioxide production by the epidermis an important
part of the neutralization of alkalies by the skin.
Peukert (1940) found the more alkaline the soap used for cleansing the longer
the skin surface remained alkaline. He recorded some observations where the
skin remained above pH 7.0 for 2 hours after washing with an alkaline buffered
soap.
Whitcomb and Arnold (1041) showed that sudden alkalization of the skin
following metrazol shock treatment was associated with an increase in the en-
dogenous bacterial flora. Those patients showing no alteration in the acid-base
balance of the skin as determined by a surface glass electrode method did not
have a demonstrable change in the endogenous flora on their skin.
In the study being reported, the people whose skin was tested in the various
experiments included doctors, instructors, tecimicians and graduate students,
all of whom normally maintained a clean skin.
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I. DENSITY OF ENDOGENOUS (coMMoNIx RESIDENT) BACTERIAL POPULATION ON
A SKIN AREA
The superficial bacteria on a given skin area were removed with a sterile
moist cotton swab at repeated intervals during the day to determine if it was
possible to remove all of the flora or if a minimum density of bacterial popula-
tion would remain on the surface after repeated mechanical removal.
Skin areas 1 by 1 inch were rubbed well with a cotton swab moistened in
sterile saline. The swab was shaken well in 10 cc. of sterile saline. Poured
plates were made using 1.0 and 2.0 cc. of the 10 cc. saline suspension of the
bacteria collected from the skin area. A typical result obtained by repeated
swabbing of the same area on the palm showed an initial count of 1622 and a
sharp drop to 800 after 10 minutes. After the first 3 or 4 samples (10 minutes
apart) the bacterial population remained fairly constant—between 220 and 360.
In 10 instances out of 14 experiments thus performed, there was an increased
endogenous flora 1 to 2 hours after lunch. Thereafter, swabbing at 10 or 15
minute intervals for 1 or 2 hours showed counts between 155 and 200. An area
selected on the forearm swabbed with the same technic gave similar findings.
The purpose of these experiments was to determine the density of the popu-
lation of bacteria on the skin after repeatedly removing the superficial flora with
a moist swab.
II. THE INFLUENCE OF ALKALI AND ACID UPON THE ENDOGENOUS BACTERIAL FLORA
Whitcomb and Arnold (1941) observed that there was a sudden increase in
the endogenous flora when the skin became alkaline due to metrazol shock treat-
ment. We wished to ascertain if a similar increase occurred when an alkaline
poultice was applied to the skin. Acid poultices were applied to the same skin
area to determine its influence upon the flora. Three methods were used in
this study. The moist cotton swab, skin prints, that is pressing the finger,
thumb, hypothenar eminence, etc., gently but firmly on a hardened nutrient
agar surface and lastly scraping the cornified layer with a sterile scalpel and
culturing the scrapings.
The skin area was covered with a wet poultice for 2 minutes and then swabbed.
Table I illustrates the endogenous flora on the palm and forearm after a saline
and an alkaline poultice (1.0% sodium carbonate solution). There was an in-
crease in the flora after application of the sterile alkali to the skin surface.
When an acid poultice (5.0% acetic acid) was applied, the endogenous flora
disappeared. If this was followed by an alkaline poultice, the flora returned
to approximajely the same density as the control or untreated skin. Reapplica-
tion of an acid poultice again sterilized the skin area. Table II illustrates an
average protocol of such an experiment.
When an alkaline poultice was followed by an acid poultice, it was customary
to find that the bacteria had disappeared and the agar plates were sterile. A
gradual return of the flora followed. If, however, this order was reversed,
alkaline following acid, the sterile skin or skin with very few bacteria did not
show the densely populated flora that usually followed the alkaline poultice but
returned to about the normal density of bacteria on the skin surface (Table II).
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Photograph I shows the skin print cultures on a 48 hour agar plate after 3
thumb prints were made, one immediately after the other, on each plate. The
control was at the beginning of the experiment. The thumb was dipped into
saline, rinsed in sterile water, air dried and pressed on the surface in 3 places.
The same thumb was dipped into a 1% sodium carbonate solution, rinsed in
water, air dried and again agar prints were made as before. There are several
hundred colonies to each print. The same thumb was dipped into a 1% hydro-
TABLE I
Bacteria on 1 inch skin area on palm and forearm after saline and 1% sodium
carbonate poultices
TIME
NUMBER OP BACTERIA ON AREA
Palm Forearm
9:30 a.m. (saline)
9:35
9:45
9:50
10:20 (alkali)
10:30
11:30
12:00
1,050
550
390
250
1,110
930
125
200
1,300
800
400
320
3,120
2,350
175
290
TABLE II
Palm and dorsum of hand and forearm
Saline, 5% acetic acid and 1% sodium carbonate poultices for 1 minute over skin areas.
TIME
NUMBER OP BACTERIA ON AREA
Palm Dorsum Forearm
10:00 a.m. (saline)
10:30 (saline)
10:50 (saline)
11:00 (acid)
11:25 (saline)
11:40 (alkali)
12:00 (saline)
12:10 (acid)
550
480
420
Sterile
30
640
145
Sterile
250
160
210
Sterile
Sterile
515
170
Sterile
460
120
180
Sterile
20
190
125
Sterile
chloric acid solution, rinsed and 3 prints made on agar. Only 2 colonies appear
on this plate. More than a hundred such experiments have been performed.
Saline, 1% sodium carbonate and 1% oxalic acid poultices were placed in this
order on the hypothenar eminence of the palm. After 2 minutes, the wet
poultice was removed and the cornified layer scraped with a sterile scalpel.
The scrapings were transferred to the surface of an agar plate and spread with
a bent glass spreader. Photograph II shows the results. The acidified scrap-
ings were sterile; the alkalinized scrapings were too heavy to count. This cx-
periment was completed in less than 10 minutes.
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Saline Scrapings obtained as described above were divided into 3 parts; one
part was put into saline, one part in alkaline buffered phosphate (pH 8.0), and
the third into acid buffered phosphate (pH 5.0). Shake plates were made from
each; all showed approximately the same growth. The in vitro alkalinization
and acidification did not alter the viable bacteria adhering to the scraped ma-
terial. If scrapings from acidified skin and alkalinized skin were put in saline,
brought to pH 7.0 and cultured, the growths were the same as before neutrali-
PHOTOGRAPH I. THUMB PRINTS ON HARDENED AGAR SURFACES AFTER 48 HOURS INCUBATION
Left: control or normal skin flora. Right: alkalinized skin flora. Above: acidified
skin flora.
zation, that is very few if any bacteria in the acid scrapings and a heavy growth
in the alkaline scrapings.
III. THE INFLUENCE OF ARTIFICIALLY ACIDIFYING AND ALKALINIZING THE SKIN
UPON EXOGENOUS (TRANsIENT) BACTERIAL FLORA
The influence of alkalinization and acidification upon the behavior of viable
exogenous bacteria upon the skin can be illustrated in the following experiment.
The thumbs of the right and left hands were submerged in 1% sodium carbonate
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and 1% hydrochloric acid, respectively for 1 minute, riased in distilled water
and dried. Then they were dipped in a 1:200 saline dilution of a 24 hour old
broth culture of B. prodigiosus. After 8 minutes, at which time the skin was
dry, prints were made on the surface of agar plates. There was an average of
35 colonies of B. prodigiosus on each of the alkalinized thumb surfaces, and 1
colony on the acidified thumb surfaces.
PHOTOGRAPH II. SCRAPJNGS OF HYPOTHENAR EMINENCE OF PALM
The scraped cornified material was transferred to the surface of agar and smeared uni-
formly. Plates were Incubated for 48 hours. Top: saline control florn. Left: alknlinized
skin flora. Right: acidified skin flora.
A warm moist chamber large enough to hold both hands was kept at 45°—47°C.
and 100% humidity. One hand was dipped in 1% hydrochloric acid, the other
in 1% sodium carbonate; both were rinsed well in running tap water and dried.
Both hands were dipped in a 1:200 saline dilution of a 24 hour old broth culture
of B. prodigiosus and held in the moist chamber for 15 minutes, removing at 3
minute intervals and thumb prints made on agar plate surfaces. The alka-
linized thumb showed no demonstrable reduction in B. prodigiosus for this time
interval, all prints showed heavy growth. The acidified thumb had an equally
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heavy growth after 3 minutes, 50 colonies per print after 6 minutes, 20 after 8
minutes, 6 after 12 minutes and 1 colony of B. prodigiosus in 1 of the 3 prints
after 15 minutes. Both hands were moist throughout the experiment. The
endogenous flora on the prints were disregarded in this experiment.
TABLE III
Hydrogen-ion determinations were made on several areas of the hands, then repeated 5
minutes after the hands were dipped for minutes in acid and alkaline buffered
phosphates, rinsed in running tap water and dried
AREA OF HAND
LERT HAND RIGHT HAND
on ro AlkalinePhosphate Ofl O
Acid
Phosphate
Palm
Dorsum
Thumb
Finger
Interdigital space
Nail
5.45
4.96
5.70
5.33
5.33
5.17
6.11
7.48
6.18
6.10
6.82
5.53
6.24
5.38
6.00
5.51
5.78
5.27
4.33
4.90
5.20
5.50
5.29
5.23
TABLE IV
250 cc. of acid buffered phosphate and an equal volume of alkaline buffered phosphate
were put into 2,800 cc. capacity beakers. The right and left hands were submerged in these
solutions, the liquid coming up to the wrists. 2.0 cc. of solution was removed at 5 minute
intervals for 30 minutes, and bacteria counted by the dilution and shake plate method. The
hypothenar eminence of each palm was scraped with a sterile scalpel over a 2 by 1 inch
surface and placed in 10 cc. of saline. After shaking well, 1.0 cc. was removed and diluted
and shake plate bacterial counts made on the scrapings.
TIME
BACTERIA PER CC.
Left
Alkaline phosphate
Right
Acid phosphate
minuies
5
10
15
20
25
30
Scrapings
428
768
810
1,630
2,310
2,390
1,560
118
187
366
560
600
776
175
IV. THE LIBERATION OF ENDOGENOUS FLORA INTO LIQUIDS IN CONTACT WITH
THE SKIN
The behavior of the endogenous bacterial flora on acidified and alkalinized
skin lead us to carry out the following experiments.
Phosphate buffered solutions, pH 5.0 and pH 8.0, were employed as the acid
and alkaline ranges to avoid toxicity for bacteria. Table III gives the hydro-.
gen-ion concentration of the skin surface after exposure to these two buffered
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solutions. It will be noted that the pH 5.0 buffered phosphate did not alter
the surface reaction as much as the pH 8.0 solution. Both hands were then sub-
merged in the acid and alkaline buffered solutions for 30 minutes; bacterial
counts were made every 5 minutes. The hands were kept still and friction was
avoided. There were more endogenous flora dispersed or shed into the alkaline
than the acid (Table IV) solution. The palmar scrapings of the hand soaked
in the alkaline solution contained more bacteria than the one in the acid buffered
liquid. Three individuals showing similar alterations in skin acid-base balance
after acid and alkaline buffer treatment gave similar results in bacterial counts
of submerged hand solutions.
One individual's skin pH alteration was less in alkaline solution and greater
in acid solution than the results tabulated. There was little difference in the
number of bacteria shed into the two solutions, but the counts made of the
scrapings showed a considerable variation, the alkaline count being 7080 and
the acid 668. The hydrogen-ion determinations were made with the glass
electrode described by Whitcomb and Arnold (in press ref.).
V. THE INFLUENCE OF ARTIFICIALLY ACIDIFYING AND ALKALINIZING THE SKIN
UPON ITS DISINFECTING POWER
The preceding experiment shows that bacteria are liberated from the skin
of the hands when submerged in saline. Several experiments were performed to
see if there is a demonstrable influence of acidified and alkalinized skin upon
bacteria added to the saline before the hands were submerged. The object was
to see if the skin in a moist state, that is submerged in saline, would kill the
bacteria suspended in the saline. This procedure obviously has many errors,
because the skin is constantly adding endogenous bacteria to the saline. If the
skin exerts a bactericidal influence upon the exogenous bacteria suspended in
the liquid and this was balanced by the shedding of endogenous bacteria from
the skin, then the shake plate method of counting would not show a demon-
strable change in the total count pr cubic centimeter.
In the first experiment, one hand was acidified (1% hydrochloric acid), the
other serving as a control was passed through saline; the hands were rinsed in
running tap water, dried and each submerged in an 800 cc. beaker holding 250 cc.
of saline containing B. prodigiosus. At 5 minute intervals 1 cc. of the saline
was removed and plated out by dilution and shake plate method. Counts made
from the saline surrounding the acid treated hand showed marked, regular
diminishing. After 45 minutes of submersion this hand had a total count, that
is the remaining B. prodigiosus plus the staphylococci shed into this medium,
of 68.6% less than the total number of B. prodigiosus per cc. before the experi-
ment began. The saline suspension bathing control hand showed irregular
counts as would be expected if additions and subtractions were in progress at
the same time. In the second experiment the same technic was employed and
one hand was acidified as before but the other was alkalinized. The results
from the acidified hand were comparable to those cited, but the alkalinized
hand gave decidedly opposite counts, after 25 minutes an actual increase by
41.5% of the original bacteria per cc.
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VI. ALTERATIONS IN pH OF SKIN SURFACE AFTER EXPOSURE TO ACIDS
AND ALKALIES
We have done some work using various concentrations of both alkali and acid
upon the acid-base balance of the skin. The time required for the skin to
readjust itself to its normal equilibrium has also been studied. There is con-
siderable individual variation. It may be that a skin pattern of definite altera-
tions in the acid-base equilibrium can be determined for given groups of individ-
uals. This will require a great deal more work, some of which is now in progress.
However, to illustrate the changes in pH of the skin surface using the one per cent
acid and alkali mentioned in connection with the endogenous and exogenous
bacterial flora, we wish to record one protocol (Table V) that may possibly be
considered an average, if there is such a figure for the acid-base equilibrium or
balance of the human skin. Four determinations were made: 1) the control,
TABLE V
Hydrogen-ion concentration of skin determined before and after submersion for 2 minutes in
1% hydrochloric acid and 1% sodium carbonate. Hands rinsed in running tap water
and dried
SKINAREA
LNTTNAND RIGHT HAND
Control 1% acid Afrl aIi
6.88
Control
4.53
ali
7.67
Ael
6.70
1% acid
4.88Forearm 5.84 4.47 4.50
Palm 6.51 4.72 4.92 7.90 6.32 8.12 6.30 3.70
Dorsum 609 4.21 4.01 6.59 5.04 7.20 5.39 3.83
Thumb 5.82 4.50 4.63 7.38 6.12 7.90 6.19 3.70
Finger 5.86 4.21 4.80 7.40 6.10 7.56 6.03 4.01
Interdigital 6.20 4.21 5.60 6.91 6.18 7.47 6.10 3.65
Nail 6.09 5.03 6.10 7.08 3.83 7.19 5.97 4.40
2) following the initial exposure to acid or alkali, then 3) waiting one hour and
finally 4) the acid hand was exposed to alkali and vice versa.
In every instance the degree of pH alteration was greater when alkalinization
followed the control. In other words, acidifying the hand one hour previously
lessened the action of the alkali. Conversely, alkalinizing the skin one hour
before acidifying it heightened the effect and the pH change was more pro-
nounced. Blank (1939) found the skin more sensitive to irritating fatty acids
if the pH was raised to 6.0 to 7.5 following washing with soap; the "neutralized"
skin reacted more intensely to the same stimulus contained in the patch test
material he employed.
The pH of the skin which had been alkalinized returned nearer to the control
figure with one hour than did that of acidified skin. Acidification was effective
for a longer period.
VII. THE INFLUENCE OF SURGICAL SCRUBBING UPON THE pH OF THE SKIN
In several instances we have observed an increase in the endogenous flora
immediately after vigorously washing and brushing the skin, but if the thumb
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or finger prints are made every 3 to 5 minutes, it was observed in most instances
that the flora returned to normal after 10 to 20 minutes; however, this reaction
is not observed in every individual. Table VI gives the results of hydrogen-ion
determinations of the skin before, immediately after and again 15 minutes
after surgical scrubbing of the hands and forearms. It will be seen that there
is a shift toward the alkaline side immediately after scrubbing and a return
toward the normal acid-base equilibrium after 15 minutes. This skin usually
showed an increased endogenous flora immediately after scrubbing.
TABLE VI
Both hands and arms to the elbows were scrubbed as in surgical preparatory practice,
10 minutes with soap, brush and warm water. Hydrogen-ion determinations were made
before, immediately after and 15 minutes after scrubbing.
ASEA
LEST EiD EIORTEAD
After scrubbing After scrubbing
Control
Immediate
Control
5.10
Immediate
6.01 5.78Forearm 5.32 6.49 5.52
Palm 5.19 6.43 5.82 5.04 6.51 5.01
Dorsum 4.59 6.10 5.53 4.83 5.90 5.30
Thumb
Interdigital
Nail
5.70
5.10
5.90
6.31
7.06
6.45
5.57
5.45
6.63
5.43
5.25
5.22
6.26
6.40
6.48
5.51
5.71
6.71
VIII. INFLUENCE OF EXPOSING SKIN TO HOT AND HUMID AIR UPON THE pH AND
ENDOGENOUS BACTERIAL FLORA
Alkalinization of the skin caused an increase in the demonstrable endogenous
bacterial flora; submersion of the hands in alkaline buffered phosphate (pH 8.0)
caused an increased dispersion of endogenous bacteria from the skin into the
liquid. It wis thought that this reaction might possibly be due to an increase
in water in the keratinized layer which could possibly be independent of the
alkaline reaction. In order to determine if this was true, we conducted the
following experiments.
Both hands were exposed to a chamber of warm (45°—48°C.) and moist (sat-
urated) air. Thumb and finger prints were made on agar surfaces at 5 minute
intervals for 30 minutes. Photograph III shows the endogenous flora develop-
ing on the agar surface as compared to the control prints taken after exposure
to cold water, drying and 10 minutes at room temperature. The hands were
exposed the next day to the same warm and moist environment and the pH
of the skin determined. There was a very slight increase in the pH in all but
two instances. These two exceptions showed a small shift toward the acid side.
The least increase was on the dorsum of the left hand which was altered from
4.81 to 4.98 and the greatest on the left thumb which changed from 4.69 to
5.70. The increase noted was not enough to explain the increase in endogenous
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flora if this reaction was due to alkalinity of the skin surface. These alterations
are not as great as when the skin is exposed to acid and alkali. Most of the
changes are within normal variations. The skin of the hands became wrinkled
after 5 minutes and this was more pronounced with the time of exposure to the
hot and humid air.
PHOTOGRAPH III. THREE SEPARATE THUMB AND FIRST THREE FINGERS AS ONE IMPRESSION
PRINT ON THE SAME SURFACE OF PLAIN AGAE IN PETHI DISH
The Dumber iS opposite the thumb prints: No. 1, after five minutes in warm and moist
chamber; no. 2, after fifteen minutes in same chamber; no. 3, after twenty-five minutes in
same chamber; no. 4, ten minutes after removal from the warm moist chamber.
Six subjects were used for the following experiment. Both hands were
placed in warm water (45° to 48°C.) for 30 minutes. Thumb (3) and palm
prints were made during each 5 minute exposure. The hands were then rinsed
well in cold running tap water, dried on clean towels, and after 10 minutes,
thumbs and palm again were pressed on agar surfaces. The hands were then
dipped for minute in 0.5% hydrochloric acid solution, rinsed in the same
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manner and prints made after 10 minutes. Photograph IV shows two subjects
10 minutes after submersion in hot water, after rinsing and resting and after
exposure to acid. On a subsequent day, the pH of the skin of the hands of these
subjects after holding in hot water for 10 minutes did not show more than a 0.2
elevation in pH reading.
PHOTOGEAPH IV. Two SUBJECTS—ONE MALE AND ONE FEMALE
Left: Three thumb prints and hypothenar eminence of the left hand after ten minutes
soaking in warm water (45°—4S° C.). Center: Same after rinsing in cold water, drying and
resting for ten minutes. Right: Same after submerging in 0.5 per cent hydrochloric acid,
rinsing and drying. (Shadow on right due to artifacts in illumination during pho-
tographing.)
TX. BACTERIOLOGICAL THUMB PRINT
During the last twelve months we have observed probably six or seven very
distinctive bacteriological prints of either thumb or finger among several thous-
and prints made under varying conditions. One was observed after fifteen min-
utes exposure in the warm and humid chamber. This is shown in Photograph
V which is enlarged two times. The center smear is due to moisture and con-
fluent bacterial growth. The large staphylococci coloBies are the usual surface
cndogenous residents. The numerous, regularly arranged pin-point colonies
outline the thumb print in a characteristic manner seldom observed in bacterial
culture prints.
Professor Harold Cummins (1941), an authority on digital patterns, very
kindly examined this "print" and made the following comment: "The thumb
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print is a reproduction of the actual pattern of the digit, nearly as legible as a
print made with ink for the purpose of identification and even superior in quality
to some chance or accidental impressions which are admitted as 'identifying
evidences'.
PHOTOGRAPH V. BACTERIOLOGICAL THUMB PRINT FOLLOWING EXPOSURE TO HOT ANI)
HUMID AIR
TABLE VII
The buffer values of the skin of 3 persons. The alterations in pH produced by exposure to
0.5% hydrochloric acid and 0.5% sodium carbonate
SKIN AREA
SUBJECT A SUBJECT F SUBJECT K
Left hand Right hand Left hand Right hand Left hand Right hand
Con- After Con- After Con- After Con- After Con- After Con- After
trol acid trol
5.08
alkali
7.82
trol
4.91
acid
4.38
trol
4.86
alKali
8.04
trol
6.38
acid
3.45
trol
5.98
alkali
7.01Palm 5.17 4.63
Dorsum 4.75 4.70 4.93 7.18 4.70 3.50 4.80 7.30 6.35 4.09 7.42 9.01
Thumb 5.62 4.53 6.28 7.89 5.40 4.26 5.28 8.01 5.98 4.45 5.59 7.52
Interdigital 5.91 4.30 6.35 8.31 5.20 4.77 5.50 8.00 6.88 4.00 6.52 8.36
Finger 5.32 4.79 6.79 8.05 5.10 4.92 5.10 7.78 5.78 4.01 5.89 8.69
Nail 6.08 4.83 5.90 6.63 5.20 4.67 5.63 6.31 6.18 4.93 5.90 6.73
Average 5.47 4.63 5.90 7.65 5.09 4.41 5.20 7.57 6.26 4.15 6.22 7.90
X. BUFFERING ACTION OF THE SKIN OF THE HANDS FOR ACID AND ALKALI
Various acid and alkalies have been used in our experiments. Acetic, oxalic,
hydrochloric, sulphuric and nitric acids, sodium carbonate, ammonium suiphite
and sodium hydroxide have all been found to produce the same reaction in the
comparable fi+ and 0H concentrations. For the past few months, we have
confined ourselves to 0.5% hydrochloric acid and 0.5% sodium carbonate solu-
tions. These concentrations alter the pH of the skin approximately the same
as higher concentrations.
The pH is determined before and after exposure to acid and alkali. The
hands are submerged in 0.5% solutions of hydrochloric acid and sodium carbon-
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ate respectively, rinsed well under running tap water, dried on clean towels
before the second pH determinations are made on the various skin areas. Table
VII illustrates three different skin buffer values. Subject A is the most frequent
type encountered, Subject F has more acid buffering substances than the average
skin we have tested; both of these are males. Subject K (female) has more
alkaline buffering materials in the skin than acid buffers. We have found only
a few of this type in our study so far.
The 0.5% hydrochloric acid is made by the addition of concentrated hydro-
chloric to distilled water, the average pH being 1.2 to 1.4. The 0.5% sodium
carbonate has an average pH of 10.3 to 10.6.
XI. DISCUSSION
The kernatinization process can be thought of as characterized fundamentally
by dehydration and acidification. The completion of this process takes place
in the outer portion of the cornified layer of the skin. The concentration of
protein complexes leading to keratin formation is a constant and continuous
process. The endogenous bacterial flora on the skin surface becomes adherent
to the keratin substance and remains viable in the cornified layer for a certain
depth below the most superficial portion. Surface swabs or contact cultures
from the skin surface remove some of the viable bacteria. Repeated removal by
this method does not exhaust all of the surface bacteria because they are replen-
ished by the subsurface flora. The mechanical removal of the flora also removes
the superficial cornified material releasing and exposing the bacteria beneath
this outer part of the stratum corneum.
The stratum corneum behaves as a colloid-like gel. Alkalinity causes an
absorption of water, acidity causes dehydration. It absorbs water under the
influence of heat in an aqueous or humid environment. The increase in water
content with the softening of the gel permits bacteria within the gel to reach
the surface. The dehydration of the gel by acids produces the reverse, entrap-
ping or imprisoning the endogenous flora, and the free hydrogen-ion in the acid
acts upon the flora on the surface.
Marchionini (1938, 1, 2), Marchionini and Schmidt (1939) recorded a denser
bacterial flora on alkaline reacting skin areas. Lichtenstein (1918) reported
many more bacteria on the skin surface after sweating the hands. Price (1938,
2) found that repeated surgical scrubbing removed more and more bacteria from
the skin, the main factors being mechanical irritation, alkalinity of the soap and
temperature of the water.
The results of these investigators and several others are consistent and are
in keeping with the observations reported in this paper. The cornifieci layer
of the skin behaves like a living colloidal gel membrane. The liberation of
endogenous bacterial flora into a liquid in contact with the skin substantiates
this hypothesis. The alkaline liquids contained more skin bacteria than saline
or acid liquids. Warm water or warm humid air caused an increase in the sur-
face endogenous bacteria without significant alteration in the acid-base equilib-
rium of the skin surface. This can be due to the swelling or increased aqueous
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content of the cornifled layer, a reaction similar to that produced by alkali at
room temperature.
Exogenous bacteria survive longer on a thickened waterlogged cornifled layer
than on a dehydrated layer. Some evidence has been presented to show that
skin submerged in water at room temperature containing a foreign bacteria
(B. prodigiosus) reduces the number of these viable exogenous bacteria in the
liquid. Skin previously acidified kills more than the normal skin. No disin-
fecting action could be demonstrated when the skin was previously alkalinized.
The skin liberates its flora into water in contact with it, but the reduction in
the number of viable bacteria was in excess of those added by the skin; therefore
the disinfecting action of the skin is greater than the bacterial counts recorded
would indicate. Desiccation could not play a role in these experiments. The
differences in the survival rate of exogenous bacteria on normal skin of various
individuals may be due to the physical state of the keratinized layer.
The epidermis is a very active organ and the acid-base balance is constantly
changing. Increased blood supply causes a more alkaline reaction on the sur-
face. This may, in part, be due to the removal of acid byproducts of metabo-
lism. There may be several physical and chemical changes taking place during
hyperaemia in an area of the skin. If the arm is held above the head for two
minutes the pH of the skin of the hand becomes more acid due, in part at least,
to decreased blood supply. Washing the skin with soap and water before start-
ing p11 and bacterial experiments must be controlled very carefully, that is
time, temperature of water and amount and kind of soap. Even with these
controls, different individuals will react in a different manner and the same
individual will not be constant in the pattern of skin changes. One of the
problems to remember in studying the acid-base equilibrium and bacterial flora
of the normal skin is to stimulate the skin as little as possible when control
observations are recorded. There may well be differences in the chemical com-
position of the epidermis of various individuals. Jaernecke (1940) shows dif-
fererices in histidine and tyrosine content of the skin in a study of desensitization.
We have observed few individuals whose skin usually does not show an in-
creased flora following alkalinization and a decrease following acidification al-
though the alterations in pH were the same as for individuals who reacted in
the usual manner. These subjects show an increased skin flora after exposure
to hot water for 5 minutes, following which they react in the usual manner to
alkaline and acid solutions applied to the skin.
XII. SUMMARY
The endogenous bacterial flora residing on the surface of the skin can be in-
creased by alkalinization, by exposure to warm water and to warm humid air.
The same flora can be decreased by exposure of the skin to acid. The cornified
layer behaves like a colloidal gel structure; increase in water content causes an
increase in the surface endogenous flora. Dehydration of this layer is asso-
ciated with a decrease in the viable bacteria on the surface. The flora returns
to the normal density when the cornified layer readjusts itself. This requires
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about half an hour after alkalinization and two hours after acidification. The
survival of exogenous bacteria follows the same pattern. A cornified layer with
increased water content permits exogenous bacteria to survive for longer periods
of time; a dehydrated layer rapidly renders bacteria nonviable.
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